Objectives: To evaluate the shear bond strength and the adhesive remnant index (ARI) of different orthodontic accessories used for applying traction on impacted teeth.
Introduction
Impacted teeth are a prevalent problem in the orthodontic treatment, 1 and are defined as teeth that remain in the oral mucosa or bone after their period of eruption. [2] [3] [4] [5] There are various causes for this anomaly, which may be due to an obstruction of the trajectory between its site of development and the functional occlusal position, or due to a loss of eruptive force. 6, 7 In the large majority of cases, the etiology of teeth impaction can be determined, and there is no symptomatology. Nevertheless, there are cases in which pathological repercussions, such as the resorption of the root of an adjacent tooth, loss of dental arch size, cyst formation, referred pain, among other problems, may be associated. 8 The methods described in the literature for the treatment of impacted teeth vary between extraction, autotransplantation and surgical exposure, with a subsequent orthodontic movement. 9 The latter is the most recommended option, as it presents the best results from both the aesthetic and functional points of view. 10 When the treatment option is the application of traction, it is necessary to adapt some accessory to the tooth in question, which will serve as a support for traction with orthodontic forces. 11 In the past, this support was obtained using invasive methods, such as placing a wire loop around the crown 10 or transfixation 11 (the perforation of the incisal angle in the vestibular-lingual direction and fixation of an orthodontic wire). However, many complications resulted from these procedures, such as root resorptions and pulp perforations, with the need for future endodontic treatment. 8, 12 With the advent of materials for bonding directly to the surface of teeth, these once common problems ended. There are bonding materials available on the market with excellent, clinically proven bond strength. However, doubts persist about the best accessory to bond in these situations, considering the infinite number of devices available for this purpose. 11, 13 Based on this premise, the authors' proposal in the present study was to evaluate the in vitro shear bond strength and adhesive remnant index (ARI) of different orthodontic accessories used for applying traction to impacted teeth. In addition, the null hypothesis tested was that the shear bond strength and the ARI were similar for all orthodontic traction objects.
Materials and methods
In this in vitro evaluation, 120 bovine permanent incisors were used due to the similarity between bovine and human teeth. The inclusion criterion was that the teeth should be intact -that is, without cavitation caused by caries and/or the extraction process. The teeth were cleaned with water and stored in a glass receptacle in a 10% formaldehyde solution for seven days and kept refrigerated.
The minimum sample size required for this study was calculated using the following parameters: a test power of 80% (β = 0.20) and an error of 5% (α=0.05). The calculation determined a minimum sample size of 12 samples. Considering the possibility of using non-parametric statistics (Friedman test), an increase of 20% was applied, which resulted in the adjustment of the minimum size required for 15 individuals. The sample calculation was performed in G*Power (version 3.1.9.2, Germany).
The teeth were embedded in PVC rings (Tigre, Joinville, Brazil) with acrylic resin (Clássico, São Paulo, Brazil) so that only their crowns were exposed. In order to maintain the surface to be glued to the bracket perpendicular to the ground, a square was used for standardization. After polymerizing the resin, all the test specimens were stored in distilled water and again placed in the refrigerator at 5ºC.
The vestibular surfaces of the teeth received prophylaxis with a rubber cup (Viking, KG Sorensen, Barueri, Brazil), an extra-fine pumice stone (S.S.White, Juiz de Fora, Brazil) and distilled water for 15 seconds. Afterwards, they were washed with air spray/distilled water and dried with oil-and humidity-free jets of air for the same length of time. After prophylaxis, etching was performed with 37% phosphoric acid (FGM, Joinville, Brazil) for 30 seconds, followed by washing with water and drying with jets of air for the same period. A thin coat of primer (Transbond XT; 3M Unitek, Monrovia, California, USA) was applied and light polymerized for 40 seconds.
Before the bonding process, the teeth were randomly divided into groups corresponding to the accessory that would be bonded to them, as shown in Table 1 and Figure 1 .
An orthodontic composite (Transbond XT, Monrovia, USA) was used for bonding. Initially, composite was applied on the base of the accessories, which were then placed on the tooth surface and subjected to a force of 300g, to allow extravasation of the excess composite. For this purpose, a weight of 300 g was positioned on top of the brackets. The excess composite was removed with an exploratory probe no. 5.
The mesh was previously standardized so that it would always have the same dimensions, and the same amount of orthodontic composite would be applied. For this purpose, the internal diameter of an orthodontic elastic (3.1 mm) was used to delimit the cross-sectional area of the mesh. Afterwards, the mesh was placed on the tooth surface coupled with an elastic, and the interior of the elastic was filled with orthodontic composite (Transbond XT, Monrovia, USA).
The next step was light polymerization for 40 seconds with the light-polymerization device XL 1500 (3M Unitek, Monrovia, CA, USA), using a light intensity of 400 mW/cm², regularly checked with a radiometer (Demetron, Danbury, CT, USA).
After bonding, the test specimens were stored in artificial saliva and kept in an oven at a temperature of 37°C for 24 hours. The bond strength tests were performed in a universal mechanical test machine (AME-2kN; Fillizola, São Paulo, Brazil), operating at a speed of 0.5 mm/min, by means of a chisel-shaped active tip. The shear strength forces were obtained in kilogram-force, converted into Newton, and divided by the base area of the tested accessory. Thus, the results were given in megapascal (MPa). Megapascal was the chosen unit because it allowed individualizing the force applied on a specific area in mm², thereby annulling the variable corresponding to the base area of each accessory tested.
After performing the shear strength tests, the vestibular surfaces of the tested specimens were evaluated under a stereomicroscope (Carl Zeiss, Göttingen, Germany), at 16x magnification, to quantify the ARI. The ARI scores ranged from 0 to 3, with 0 indicating that there were no composite remnants on the enamel, 1 that there was less than half of the composite, 2 that there was more than half of the composite and 3 that the whole composite was on the tooth surface.
The means and standard deviations were calculated for the descriptive analysis of the shear strength and ARI. For the inferential analysis of the shear strength, the homogeneity of variances was tested using the Levene's test and the normality of the residues using the analysis of variance (one-way ANO-VA), namely, the Kolmogorov-Smirnov test. After verifying the heterogeneity of variances and the asymmetrical distribution of the residues, the Kruskal-Wallis test was applied to compare 
Results
Based on the results, it was demonstrated that the mesh (Group 8) was the accessory that resulted simultaneously in the highest shear strength values and highest ARI scores. (Figure 2) . The shear strength of the mesh differed statistically from that of all other materials ( Table 2 ) and its ARI score did not differ only from the hook for applying traction to impacted teeth and the hook with chain ( Table 3 ). The lowest shear strength was observed with the use of the composite lingual button (Group 1) (Figure 2A ), which differed statistically from all other materials ( Table 2 ). The lowest ARI values were observed with the use of brackets ( Figure 2B ), which differed statistically from the hook for applying traction to impacted teeth, the hook with chain and the mesh (Table 3) .
Discussion
Various devices have been designed for bonding to the enamel of a tooth to which orthodontic traction will be applied. 14, 17 Choosing a device depends on individual preferences since there is no scientific proof in the literature, up to the present moment, indicating which accessory best adheres to the tooth surface, in order to avoid debonding during the application of traction and the need for a new surgical intervention. 7, 8 Based on this premise, the authors' proposal in the present study was to evaluate the in vitro shear bond strength and ARI of different orthodontic accessories used for applying traction to impacted teeth. It is worth pointing out that, up to now, there are no studies in the international scientific literature with this proposal, and, thus, the results of this research are unprecedented.
A shear bond strength between 5.8 and 7.8 MPa is necessary to achieve satisfactory results with the use of orthodontic accessories since it allows to bear the interactions between the masticatory forces and those derived from orthodontic mechanics. 18, 19 Nevertheless, as the impacted teeth are not in Table 3 . P-values for group-to-group comparisons of ARI, using the Mann-Whitney test. occlusion, the masticatory forces do not act on the interface between the tooth enamel and the accessory for traction. 20 Therefore, the forces used for applying traction to impacted teeth range between the values of 20-150 grams-force. [21] [22] [23] In all the groups tested, this value was achieved when the means were evaluated, except in the composite lingual button group (mean = 3.7 MPa). This fact may be explained by the composition of this accessory, consisting of polycarbonate with glass fiber. Some studies have analyzed orthodontic accessories constituted by this composite and have proved that, when compared with other metal orthodontic accessories, these have a lower bond strength than the metal type. [24] [25] [26] Furthermore, it is pointed out that this value shows a trend to decrease in clinical situations since some elements such as saliva and blood are present, and thus make it difficult to bond orthodontic accessories to tooth enamel. [27] [28] [29] [30] [31] [32] It should be emphasized that the only group in which all specimens showed results above the reference value was the group with the orthodontic mesh, which presented statistically significant differences comparing with all the other groups. Although a bond strength of over 14 MPa may cause damage to the tooth surface, 33 this did not occur in any specimen of the mesh group, as opposed to the group of the hook for applying traction to impacted teeth (GTDI), in which two specimens presented enamel fractures. This fact may be explained by the design of the base of these orthodontic accessories.
Regarding the ARI, the best results were also obtained in the orthodontic mesh group (mean = 1.4), thus ratifying that orthodontic accessory bonding is most effective when a failure occurs by cohesive rupture of the material; that is, when adhesive remnants are found adhered to the tooth. 34 The worst results were found in the bracket group (mean = 0.2), and this group presented statistically significant differences in comparison with the hook for applying traction to impacted teeth (GTDI), the hook with chain (GC) and the mesh.
The favorable results found for the orthodontic mesh bring to light the strong correlation between the bond strength at the adhesive-enamel interface and the ARI. 35 Furthermore, other advantages may be pointed out, such as the possibility of using it when the teeth are in critical positions, its simplicity, its low cost, being easy to fit to tooth surfaces (vestibular, palatine, lingual, mesial or distal) and providing less discomfort. 36 The limitation of this study is that it was conducted in vitro, therefore excluding some important variables arising in the clinical practice that have a direct influence on the bond of accessories to the surface of a tooth that will be submitted to traction. Therefore, clinical studies are necessary to determine whether the results obtained in the laboratory are consistent with the reality experienced in the clinical practice.
Conclusion
By conducting this study, it could be concluded that:
-the polycarbonate and glass fiber button did not show good strength when applying traction to impacted teeth; -stainless steel accessories showed good strength and are indicated for applying traction to impacted teeth; -orthodontic mesh presented the best results both in shear strength tests and in the adhesive remnant index; -brackets showed the worst results in the adhesive remnant index; -the hypothesis was rejected since the accessories presented different strengths of resistance.
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